Objective: Breast cancer is a malignant disease of women most often found after cervical cancer in Indonesia. Increased levels of free radicals can cause DNA damage, which could lead to malignancy; this can play role in breast cancer etiopathogenesis. The present research was conducted to determine the activity of catechins as antioxidants and their potential efficacy in inhibiting breast cancer malignancy. Methods: The research was done by examining the antioxidant and free radical scavenging activity including 1,1-diphenyl-2-picryl-hydrazyl (DPPH), the value of superoxide dismutase (SOD), and assays in breast cancer cell lines (T47D, MCF7). The cytotoxic potency was determined by the MTS (3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium) assay.
INTRODUCTION
Breast cancer is a malignant disease of women most often found in Indonesia after cervical cancer. The high number of breast cancer caused by a hereditary gene mutation, improper diet and unhealthy lifestyle and environmental factors include air pollution, radiation, cigarette smoking, alcohol and carcinogenic substances. These factors may increase the free radicals level which is one of the factors causing DNA damage, consequently leading to malignancy [1] . Oxidative stress is triggered by imbalance between free radicals and antioxidant and can link to many diseases including cancer [2] .
Cancer is the second leading cause of death; the most cancer drugs are synthetic agents with relatively high prices and side effects, but lower cure rates [3] [4] [5] . Cancer treatment combined with natural or herbal medicine can inhibit or lower tumor proliferation. Many herbal medicines have antioxidant activities which play role in curing many diseases [6] . Since having antioxidant, antiangiogenic and cytotoxic activities, the tea plant (or green tea; Camellia sinensis) is one possible herbal remedy which can be used for cancer or related issues; this plant contains polyphenolic compounds [7, 8] , including catechins, which have antioxidant activities that can protect cells from free radical attack [7] [8] [9] . Several of tea catechins or flavan-3-ols including (+)-catechin (C), (-)-epicatechin (EC), (-)-epigallocatechin (EGC), (-)-epicatechin gallate (ECG), (-)-epigallocatechin gallate (EGCG), catechin gallate (CG), gallo catechins (GC) and (-)-gallocatechin gallate (GCG) [10] [11] [12] [13] .
In this study, we planned to determine the antioxidant activities of several catechins (C, EGCG, EC, EGC, ECG, CG, GC, GCG) in inhibiting breast cancer in T47D and MCF7 cell lines. The antioxidant activities were evaluated by using 1,1-diphenyl-2-picryl-hydrazyl (DPPH) free radical scavenging activity [14, 15] , trapping of superoxide anion (O 2 • -) or superoxide dismutase (SOD) assays.
MATERIAL AND METHODS
The materials were DPPH (Sigma-Aldrich), dimethyl sulfoxide (DMSO; Merck), doxorubicin (SigmaAldrich), methanol (HPLC grade. Merck), SOD assay kit (Cayman), C, EGCG, ECG, CG, EGC, EC, GCG, CG, EGC, GCG and GC (Biopurify Phytochemicals), Dulbecco's modified Eagle's medium (DMEM; SigmaAldrich), fetal bovine serum (FBS; Sigma-Aldrich), penicillin (Sigma-Aldrich), streptomycin (SigmaAldrich), CellTiter Aqueous One Solution Cell Proliferation Assay (MTS; Promega). trypsin-EDTA (Sigma-Aldrich).
DPPH scavenging activity assay
Fifty microliters of catechins at various concentrations were introduced in microplates and 0.077 mmol DPPH in 200 µl DMSO was added. The mixture was shaken vigorously, incubated at room temperature for 30 min and then the absorbance was measured at 517 nm using a microplate reader. For negative controls 250 µl DPPH and for blank 250 µl methanol was used. The radical scavenging activity of each sample was expressed by the ratio of the lowering absorption rate of DPPH (%) relative to the absorption of DPPH solution in the absence of test sample (negative control). Here the formula for DPPH scavenging antioxidant activity (%):
Superoxide dismutase (SOD) assay
The SOD assay was performed using a commercial kit comprising assay buffer, sample buffer, radical detector, SOD standard and xanthine oxidase. SOD standards were prepared by introducing 200 μl diluted radical detector and 10 μl SOD standard (7-level standard) per well [15] . Catechins were dissolved in DMSO at concentrations of 500, 125 and 31.25 µg/ml. The sample well contained 200 µl diluted radical detector and 10 µl sample. To all wells 20 µl diluted xanthine oxidase was added. The mixtures were shaken carefully for few seconds, incubated for 20 min at room temperature, SOD activity was measured on a microplate reader at 440-460 nm. The SOD value is calculated using the equation from the linear regression of standard curve substituting linear rate (LR) for each sample:
Cytotoxic assay
The T47D and MCF7 human breast cancer cell lines were obtained from Research Center for Chemistry, Indonesian Institute of Sciences, Division of Natural Products Bandung, West Java, Indonesia. The cells were cultured and maintained in DMEM supplemented with 10% (v/v) FBS, 100 U/ml penicillin and 100 μg/ml streptomycin, and incubated at 37ºC in a humidified atmosphere with 5% CO 2 [15] . After the cells reached 80% confluence, the cells were seeded into a 96-well plate (5 x 10 4 cells per well) and supplemented by various concentrations of catechins in 10% DMSO, then incubated for 24 h and 48 h. Twenty microliters of MTS was added to each well, and then incubated at 37ºC for 2-4 h. The sample absorbance was read at 490 nm using a microplate reader (Thermo Multiskan GO). The data were presented as percent of viable cells (%) and analyzed by calculating the IC 50 using probit analysis (SPSS 20.0) [15] .
RESULTS

DPPH scavenging activity
DPPH radical is a synthetic compound that is soluble in polar organic solvents such as methanol at room temperature [16] . In the presence of active antioxidant compounds, DPPH free radical scavenging of the sample is marked with a change of color from dark purple to yellowish or pale yellow [17] . The DPPH free radical scavenging activity of a compound is representative for its antioxidant activity. In our study, the highest DPPH scavenging activity is was recorded for EGC and GCG (Fig.1 .) The IC 50 value is the concentration of antioxidant needed to scavenge 50% of the DPPH free radical [15] ; the smaller IC 50 value is representative for higher antioxidant activity [18] . The highest antioxidant activity in the current study was recorded for EC with an IC 50 of 3.24 µM. whereas the lowest activity was represented by GC (IC 50 9.80 µM; Table 1 ). Each catechin compound was measured triplicate and rate inhibition was analyzed using probit.
SOD activity
The free radical O 2 • -is one of the most important radicals formed in aerobic cells due to leakage of the electron transport chain. It is a precursor to form the highly reactive hydroxyl radical (•OH) through Fenton and Haber-Weiss reactions [19] . SOD is an endogenous antioxidant enzyme which catalyses the dismutation reaction of O 2 • -into hydrogen peroxide (H 2 O 2 ) and oxygen (O 2 ) [20] . The activity of catechins in scavenging O 2 • -can be seen in Table 2 and Fig.2 . Based on these the highest SOD activity at a concentration of 500 µg/ml was recorded for EGC (8.44 U/ml), while the lowest was EGCG (1.71 U/ml). At 125 µg/ml, the highest SOD value was seen for ECG (7.07 U/ml) and EGC (7 U/ml), and the lowest was EGCG (1.56 U/ml). The highest SOD activity at 31.25 µg/ml was represented by GC (6.03 U/ml) and the lowest by EGCG (1.02 U/ml). Overall, at all three concentrations the lowest SOD activity was exhibited by EGCG.
Cytotoxic activity
The MTS assay was used for measuring the number of viable cells in the cell culture; MTS tetrazolium compound was reduced into colored formazan product that is soluble in tissue culture medium, this reaction was accomplished by nicotinamide adenine dinucleotide (NADH) or NADH phosphate (NADPH) produced by dehydrogenase enzymes in viable cells [21] . The formazan product from MTS reduction giving color to violet can be read at 450-540 nm (max. absorbance 490 nm). IC 50 value indicates the concentration which is able to inhibit 50% of cell proliferation; the greater the value of IC 50 , the lower the cytotoxic activity [22] . In the present study, cytotoxic activity was found to be concentration-dependent; higher concentrations inhibited proliferation strongly (Table 3, Figs.3&4) . The results showed that longer contact of catechins with cancer cells will enhance the cytotoxic effect in both T47D and MCF7. The highest cytotoxic activity in T47D with short (24 h) and long (48 h) incubation was presented by GCG (34.65 µM and 23.66 µM, respectively). Catechins were not significantly active in MCF7 with both short and long incubation. Tables 1 and 2 , and Figures 1 and 2 showing that catechins have high free radical scavenging activity and EGC is the most active free radical scavenger against both DPPH and O 2 • -, the present result was consistent with previous studies reporting that: catechin epimers have good free radical scavenger activity against peroxyl radicals, singlet oxygen, peroxynitrite and hypochlorous acid [7] [8] [9] 12] ; have high antioxidant efficacy based on Trolox equivalent antioxidant capacity (TEAC) [12] , DPPH scavenging assay [23] , O 2 • -scavenging activity (SRSA) [24] , and human LDL oxidation, ferric reducing-antioxidant power (FRAP) [11] . Catechins exhibited differential SOD value and DPPH scavenging activity; this result is consistent with a previous study reporting that lipid peroxidation activitiy of catechin's epimers were different, suggesting that the electrochemical characteristic, steric structures of compounds may play role in their antioxidant actitvites [25] . Based on Table 3 and Figures 3-6 showing that catechins possess cytotoxic effect in T47D at both 24 h and 48 h incubation, only ECG was not active. This result is validated with previous research reporting that 100 μM of catechins including C, EC, GC, EGC, CG, ECG, GCG and EGCG inhibited colorectal cancer (HCT116) cell growth [6] . Tea polyphenols have antiproliferative effects on prostate, breast, lung and colorectal cancer. Green tea polyphenols have cytotoxic effects by histone deacetylase (HDAC) inhibition, due to increased proteasomal degradation [26] . EGCG inhibits breast cancer cells (Her2/neu) by activiting Forkhead box O (FoxO) proteins which protect cells from oxidative damage-induced apoptosis by inducing the antioxidant enzymes MnSOD and catalase (CAT) [27] . Furthermore, catechins were shown to be effective for suppressing hepatocyte growth factor receptor activation in human colon cancer cells [28] . Combination of curcumin and catechin can inhibit the proliferation of human colon adenocarcinoma (HCT15, HCT116) and human liver carcinoma (HepG2) cells by inducing apoptosis [29] . Green tea polyphenol EGCG inhibits leukemic cells proliferation [30] . In HCT 116 cell line, CG was shown to be more active cytotoxic than ECG; CG and EGC have differential cytotoxicity in pancreas (Pan1), bladder (RT112), stomach (MGLVA1), liver (HepG2) and fibroblasts (46Br.1G1) [31] . EGCG is an effective cytotoxic and apoptosisinducing agent [32] . The combination of vorinostat and EGCG presented a synergistic effect in inhibiting and apoptosis inducing in cancer cells; the expression of Bax/Bcl-2 ratio and caspase-3 and -7 activity increased, but expression of poly(ADP-ribose) polymerase decreased compared to single dose against HuCCT1 cholangiocarcinoma cells [33].
DISCUSSION
Based on
Catechins presented only insignificant cytotoxic effect in MCF7 cells at both 24 h and 48 h incubation. However, this results is not supported by a previous study in whicht catechin (C) effectively inhibited MCF7 cells proliferation at higher doses [34] .
In summary, the most active antioxidant catechins of the present study are EGC and EGC. On the other hand, the most active cytotoxic activity in T47D cells at 24 h was recorded with GCG and at 48 h with GCG. Although insignificant, the highest cytotoxic activity in MCF7 cells was presented by EGCG at both 24 and 48 h. 
